Autophagy is an evolutionarily conservation process whereby cytoplasm and cellular organelles are degraded in lysosomes for amino acid and energy recycling. Autophagy concurrent with radiotherapy has emerged as a novel approach in breast cancer treatment. Our studies conclude that autophagy and apoptosis can be induced by radiation and inhibition of autophagy can increase apoptosis. In addition, Akt is a molecule that down-regulates autophagy and apoptosis; blocking Akt can enhance autophagy and apoptosis induced by radiation in MCF-7 cells. Akt could become a new focus in breast cancer radiotherapy.
Introduction
Breast cancer is the most common cancer among females and one of the leading causes of death, which occupies 30% of new women malignancies [1] . Radiotherapy is a well-developed targeting technology for cancer; it kills tumor cell by necrosis and apoptosis [2] . Radiotherapy for breast cancer can directly induce apoptosis and cell cycle arrest, which has extraordinary significance for breast cancer treatment [3] . Radiotherapy efficacy is limited by tumor radiation resistance, inducing apoptosis through ionizing radiation is less effective when cancer cells lack apoptosis gene caspase-3 and -9, such as MCF-7 cell lines [4, 5] .
Autophagy is another type of programmed cell death (PCD). It is an evolutionarily conservation intracellular catabolic process in which a cell degrades long-lived proteins and damaged organelles [6] . It can be triggered by a wide spectrum of cellular stress, including nutrient deprivation, genotoxins, hypoxia, ionizing radiation (IR), and chemotherapeutic drugs [7] . In mammalian cells, autophagy plays dual roles.
The PI3K/Akt/mTor pathway is important for autophagy; the pathway has become a new therapeutic option in some diseases. Akt has serine-threonine kinase activity, which mostly locating at cytoplasm in resting cells. Activation of PI3K may transfer signaling to mTOR by Akt, and then regulate downstream protein activity. Constitutive activation of the PI3K/Akt/mTOR axis is a prototypic survival mechanism commonly encountered in cancer [8] . Overexpression of Akt, constitutive activation of tyrosine kinase growth factor receptors, and exposure to carcinogens, can result in abnormal activation of this pathway, resulting in autophagy suppression [9] .
Material and methods

MCF-7, Akt-MCF-7 and Akt RNAi-MCF-7 culture and reagents
We cultured the MCF-7 cell line (Institute of Biochemistry and Cell Biology, SIBS, CAS), Akt-MCF-7 cell line (Akt overexpressed, by Ph.D. Liu Xiaodong), and Akt-RNAi-MCF-7 cell line (Akt knocked, by Ph.D. Liu Xiaodong) in Dulbecco's Modified Eagle Medium (Gibco, USA) at 37°C. Antibodies included MAP LC3 (#12513, Cell signaling, USA), GAPDH (#sc-365062, Santa Cruz, USA) and Akt (#sc-5298, Santa Cruz, USA). In addition, peroxidase-conjugated IgG (Santa Cruz, USA), Monodansylcadaverine (MDC) and 3-Methyladenine (3-MA) (Sigma, USA), Z-VCD-FMK (Promega, USA), Annexin -FITC kit (BD Biosciences, USA) were used.
Irradiation
An X-ray generator (Model XSZ-Z20/20, Dandong, Liaoning, China) delivered radiation at a dose rate of 0.342 Gy/min (200 kV; 18 mA).
Flow cytometry
MCF-7 Cells were seeded at 2×10 4 cells per well across 24 well plates, and treated with 3-MA (2 mmol/L) and Z-VCD-FMK (1 mmol/L) for 45 min at 37°C; Akt-MCF-7 and Akt-RNAi-MCF-7 achieved 80%-90% fusion. Cells were irradiated by 4 Gy. After 24 h, cells were treated following protocol. After blending, they were incubated for 30 min in the dark at 37°C. The stained cells were determined by flow cytometry (Becton, Dickinson and Co., USA).
MDC staining assay
Cells were seeded on coverslips overnight, then cells were treated by 3-MA and Z-VCD-FMK, at 12 or 24 h after 4 Gy irradiation. Autophagic vacuoles were labeled with MDC (50 mmol/L) at 37°C for 1 h. Cells then were washed with PBS and fixed with a solution of 4% paraformaldehyde for 15 min. The solution was then discarded, and slips were mounted and dried, and observed using fluorescence microscopy (Olympus XSZD2, JAPAN). If each cell had more than 8 autophagic points, they were recognized as achieving autophagy. 150 cells were observed.
Western blotting
After the total protein was extracted with a RIPA lysis buffer, 30 μg of protein were separated by SDS-PAGE and transferred to a nitrocellulose membrane (Bio-Rad, USA), which was blocked in PBS containing 5% non-fat dry milk. The membrane was incubated at 4°C with antibodies overnight, then washed two times with Tris-buffered saline containing 0.05% Tween 20 (TBST, pH 7.2) and incubated with horseradish peroxidase-conjugated at 37°C for 1 h. The antigen-antibody complex was visualized with ECL system (Santa Cruz, USA).
Quantitative real-time PCR detection
The total RNA was extracted with a TRIzol reagent (Invitrogen, USA). Then, the complementary DNA (cDNA) was synthesized. The following primers were used:
x Glyceraldehydes-3-phosphate dehydrogenase (GAPDH) x Forward primer 5′-GCACCGTCAAGGCTGAGAAC-3′
x Reverse primer 5′-TGGTGAAGACGCCAGTGGA-3′
x Akt forward primer 5′-CTGAGATTGTGTCAGCCCTGGA-3′
x Reverse primer 5′-CACAGCCCGAAGTCTGTGATCTTA-3′ The PCR protocol is as follows: 95°C for 30 s, 1 cycle; 95°C for 5 s, 60°C for 20 s, 40 cycles.
Statistical analysis
Statistical evaluations are presented as mean ± SD. Data was analyzed using the Student's t-test for statistical significance using SPSS v17.0 software. P values were considered significant if P < 0.05.
Results
Effects of autophagy/apoptosis inhibitor on IR-induced responsiveness in MCF-7 cells
As shown in Figure 1A , MAP LC3 protein increased in 4 the Gy IR group, decreased in the 3-MA group, and had no obvious change in this z-VAD-FMK group. These results indicate that IR-induced apoptosis inhibition cannot increase autophagy. Further combination with the 4 Gy IR caused the MAP LC3 protein to increase, indicating that IR can increase autophagy in MCF-7 cells where apoptosis was inhibited. Under the same experimental conditions, IR can induce apoptosis. When autophagy was inhibited, MCF-7 cell apoptosis also increased ( Figure 1B ).
Effects of autophagy/apoptosis inhibitor combined with 4 Gy IR on Akt expression in MCF-7 cells
As shown in Figure 2A , 4 Gy IR-induced Akt mRNA decreases in MCF-7 cells (P<0.001), and combination with autophagic inhibitor 3-MA further deceased Akt mRNA. However, combination with apoptotic inhibitor z-VAD-FMK increased Akt mRNA (P<0.001). In addition, Akt protein decreased after 4 Gy IR, but combination with 3-MA and z-VAD-FMK increased Akt proteins ( Figure  2B ). 
Effects of Akt overexpression and being knocked out on autophagy and apoptosis induced by IR
As shown in Figures 3A and 3B , Akt protein increased MCF-7-Akt cells, decreased MCF-7-Akt-RNAi cells, and had no obvious changes on MCF-7-RNAi-empty vector cells. When MCF-7, MCF-7-Akt, and MCF-7-Akt-RNAi were irradiated by 4 Gy. Compared with the control group, apoptotic percentage significantly increased (P<0.05, P<0.001); compared with 4 Gy, it significantly decreased in MCF-7-Akt and increased in MCF-7-Akt-RNAi (P<0.05). This indicated that Akt down-regulated IR-induced apoptosis ( Figures 3C and 3D ). In addition, compared with the control group, autophagy significantly increased in 4 Gy and the MCF-7-Akt-RNAi group (P<0.05, P<0.001). Compared with 4 Gy, it significantly decreased in the MCF-7-Akt group but significantly increased in the MCF-7-Akt-RNAi group (P<0.05). This indicated that Akt down-regulated IR-induced autophagy (Figures 3E and 3F) . Quantitative analysis of autophagy. Data showed mean ± SD, *P < 0.05, ***P < 0.001 versus control group, #P < 0.05, and ##P < 0.001 compared with 4 Gy.
Discussion
Radiotherapy is an important means of breast cancer therapy. Radiation kills cancer cells mainly by inducing necrosis and apoptosis. Successfully inhibiting the growth of cancer cells using radiothereutic strategies is mostly dependent on the ability to trigger tumor cell apoptosis [10, 11] . However, some studies have found that the apoptosis induced by ionizing radiation is reduced in cancer cell lines lacking apoptosis gene caspase-3 and -9; instead, radiation-inducing autophagy is promoted. In our study, we confirmed that IR could induce autophagy in the MCF-7 cell, but IR could also induce cell apoptosis. In addition, autophagic inhibitor 3-MA and apoptotic inhibitor z-VAD-FMK was used on MCF-7 cells. We found that IR can induce autophagy and apoptosis in MCF-7 cells; apoptosis inhibition cannot increases autophagy, but inhibition of autophagy can increase apoptosis. This might relate to the pro-survival role of autophagy in cancer cells. It has been suggested that inhibiting autophagy can enhance the radiation-induced death role on MCF-7 cells and provide a new strategy for cancer radiotherapy.
As an alternative cell death pathway to apoptosis, autophagy is currently an important research target for therapy. The rapid advancement in understanding the mechanisms and regulation of autophagy has placed this process at the center of current research. Unfortunately, the expression of caspase-3 was about 75% of breast cancer tissues down-regulates or lacks. Thus, caspase-3-deficient breast cancer cells, such as MCF-7, were resistant to radiotherapy [12] . Autophagy signaling pathways referred to PI3K-I/Akt/mTOR, PI3K-III / Beclin1 and p53, and so on. Akt is an important downstream target kinase of PI3K; overexpression of Akt can result in abnormal activation of this pathway, resulting in autophagy suppression. In addition, the activation of PI3K/Akt/mTOR can also inhibit cell apoptosis; it may promote radio-and chemo-therapy roles by inhibiting the activity of this pathway. Therefore, targeting Akt to improve the effects of radiation on MCF-7 cells has great significance in clinical radiotherapy. After 4 Gy IR, Akt mRNA and protein decreased in MCF-7 cells, inhibition autophagy and apoptosis combined with 4 Gy could induce an increase in Akt protein, but only apoptosis inhibition combined with 4 Gy could induce an Akt mRNA increase. This indicated that Akt has a down-regulating role on autophagy and apoptosis. There are some disputes about the role of radiation-inducing autophagy on cancer; some studies demonstrate that the inhibition of autophagy could improve cancer radiosensitivity [13] . Further, we found that the overexpression of Akt reduced radiation-induced autophagy and apoptosis, but Akt down-regulation had the opposite effects on autophagy and apoptosis.
In summary, we observed that radiation could induce autophagy and apoptosis in MCF-7 cells, and inhibition of autophagy could increase apoptosis. Moreover, we found Akt had a down-regulation role on autophagy and apoptosis. After Akt was removed, radiation-induced autophagy and apoptosis increased. Our findings provide new possibilities for breast cancer radiotherapy.
